ubluxation of the hip presenting for the first time in a child over the age of four years is rare. We report ten cases treated over nearly 11 years by the senior author (JAF). We describe the surgical procedures and the results, at maturity, of nine of the ten patients.
The term developmental dysplasia of the hip (DDH) covers a range of infantile hip disorders from minor acetabular dysplasia to full dislocation. 1 Within this spectrum subluxation, in which the femoral head remains in partial contact with the articular surface of the acetabulum, is a distinct entity. Clinical screening for DDH may reveal a positive Ortolani sign, 2 consistent with full, but reducible dislocation, or a positive Barlow sign 3 in the presence of a dislocatable hip. Both signs may be absent in subluxation. The diagnosis may therefore be missed during screening, particularly in the absence of limitation of abduction. It has been argued that subluxation is a diagnosis that can only be established by arthrography 4 or ultrasound. 5 It is generally accepted that the best time to treat DDH is at birth. 2 Screening programmes, however, have not been infallible or without their difficulties. 6 As a result, a number of children continue to present late with subluxation of the hip (Fig. 1) . Review of the literature has revealed little information on the best method of treatment of this rare, but challenging, group of patients and on their long-term outcome. We report a series of ten children with late subluxation of the hip presenting over the age of four years.
Patients and Methods
Between February 1979 and October 1989, ten children, aged over four years, were referred to the senior author (JAF) for subluxation of a hip. The youngest was 4.5 years old at the time of diagnosis and the oldest, 7.5 years. With one exception, they had all been born in the UK and no abnormalities had been detected during screening in the first year of life. One patient was born of English parents in Kenya, and it is not clear whether her hips had been screened. There were nine girls and one boy. All had unilateral subluxation of the hip, four left-sided and six on the right. All presented with a limp. Abnormality of the skin creases was noted in only one patient. Limitation of abduction was present in three hips, but was not a prominent feature.
Operative treatment. The details of the operations performed are shown in Table I . Five of the ten children required only one set of procedures, carried out either in one or two stages at an interval of six weeks. The remaining five children required further surgery several months or years later. Primary procedures. Preliminary traction was not used. All patients had open reduction during which any tight softtissue structures, such as the iliopsoas and adductors, were divided to give reduction without tension. A capsulotomy was performed in nine patients to allow removal of softtissue obstructions such as the transverse acetabular ligament, the pulvinar and a hypertrophic ligamentum teres. In one hip, capsulotomy was not necessary since a satisfactory reduction was obtained without any evidence of intraarticular obstruction. After reduction the position of maximum stability was assessed clinically by the surgeon in order to determine whether an additional pelvic or femoral osteotomy was required. In six hips, a femoral derotational osteotomy was necessary to compensate for excessive anteversion of the femoral neck. Femoral shortening was carried out at the same time in two hips. In three, a pelvic osteotomy was required, one innominate (Salter) procedure 7 and two Pemberton pericapsular acetabuloplasties. 8 One patient had a femoral osteotomy followed by a Salter operation at an interval of six weeks. In general, a Salter osteotomy was performed when there was significant anterosuperior acetabular deficiency and a Pemberton acetabuloplasty when the socket was misshapen with a double diameter. 9, 10 All patients were immobilised in a hip spica for eight weeks. Later procedures. Four patients required one further operation and the last child (case 10) had three more procedures because of redisplacement. Four of the six children who had previously had a femoral osteotomy alone, required a later operation to augment the acetabulum. Two younger children (cases 2 and 3) had an innominate and a Pemberton pericapsular osteotomy, respectively, around the age of six years. Two older children (cases 5 and 9) required a Wainwright shelf acetabuloplasty at the age of eight and 12 years, respectively. The last child (case 10) was treated initially by open reduction and Salter osteotomy. Seven months later, her hip subluxed posteriorly and a repeat open reduction was performed. Six weeks after this, the hip subluxed again posterolaterally and re-exploration confirmed that the acetabulum was poorly developed anteriorly as well as posteriorly. The hip was reduced and stability was only obtained by fixation with a Kirschner wire. A varus femoral osteotomy was later performed to compensate for excessive valgus and a persistent tendency to lateral subluxation. She has not required further surgery, although her radiological outcome has not been good.
Results
The mean age at the time of first operation was 6.3 years (4.8 to 9.5) and the mean follow-up 8.75 years (7 to 10.5). All patients, except one, were reviewed at maturity (age 15 years or more). One patient (case 6) was 12.5 years at her latest review and is currently doing well. The results at follow-up are shown in Table II . None of the patients had inequality of limb-length great- 11 was good in all ten children (Table III) . The Severin radiological grade 12 was 3 or more in six hips and 4 or more in three hips (Table IV) . Avascular necrosis assessed by the method of Kalamchi and MacEwen 13 was grade 2 or more in four hips; two of these had total involvement of the head leading to gross deformity (Fig. 2) .
Discussion
The aim of treatment in late subluxation, as in established dislocation, is to achieve stable reduction and satisfactory subsequent development of the hip. In subluxation presenting over the age of four years, the acetabulum is distorted and has a double diameter (Fig. 1) . The femoral head is also abnormal. A true, concentric reduction is therefore impossible to achieve. A stable reduction, with maintenance of good hip movement, should allow remodelling and improvement with time. To our knowledge, there has been no previous study of this particular type of late subluxation, although Klisic, Jankovic and Basara, 14 radiologically the acetabulum appeared to be the major problem, failure to assess and treat the considerable femoral anteversion led to posterior subluxation after a Salter osteotomy. This complication of the Salter procedure has been previously described as due to the improvement in anterosuperior cover being achieved at the expense of posterior stability. 15 Femoral anteversion is clinically not apparent in these patients when the hip is in the subluxed position, but becomes so when the femoral head is reduced at open reduction. Eight of the ten hips ultimately required a femoral varus rotation osteotomy for marked femoral anteversion. In six hips, varus rotation osteotomy alone was sufficient to provide stability without tension and only two required concomitant shortening, unlike the late presenting, high dislocation, in which it is almost invariably necessary. The inability of the acetabulum to respond satisfactorily to stable reduction of the femoral head was shown by four children who later required acetabular surgery after femoral osteotomy as the primary operation. This supports the opinion of previous reports of the ability of the acetabulum to respond to stable reduction and femoral osteotomy. [16] [17] [18] Two patients, in whom the major deformity was a misshapen, double-diameter acetabulum without excessive anteversion, were successfully treated by open reduction and Pemberton pericapsular acetabuloplasty. These patients have not required further operation.
The clinical outcome was good, but the radiological scores were not as satisfactory. Three hips were Severin grade 4 or more (subluxed). 12 Three remained dysplastic (Fig. 3) . Four hips showed avascular necrosis of Kalamchi and MacEwen grade 2 or more. 13 Lack of concordance between clinical function and radiological outcome has been previously documented and it has been suggested that the best index of long-term outcome is the Severin grade. 19 It is likely that some of these hips will develop symptoms in early adult life. It could be argued that those patients with a hip of Severin grade 4 or more had not benefited from treatment. All, however, had presented with troublesome symptoms and a persistent limp. Their clinical outcome and function, according to the Ponseti criteria, 11 were satisfactory at final review, suggesting that some benefit had been gained from the surgery. The value of this type of retrospective review is in the lessons that have been learned, particularly from the first patient in this series (case 10) who had the poorest result despite repeated surgery. At presentation, the plain radiographs suggested that the major problem was in the acetabulum, which at exploration was deformed and had a double diameter. Failure to consider the excessive anteversion of the femur, which is not demonstrable clinically, led to the problems in case 10 and the necessity for a femoral osteotomy either as a primary or secondary procedure in eight out of the ten hips. We now advise open reduction through a wide exposure allowing full assessment of the acetabular and femoral components of the deformity. Most patients are likely to require both acetabular reconstruction and a femoral osteotomy, with or without shortening, so that the final reduction is not under tension. It would seem appropriate to undertake this as a one-stage rather than a two-stage procedure. Four patients required later acetabular surgery. This underlines the contention that over the age of four years, the ability of the acetabulum to respond to reduction of the femoral head is less certain and that it is advisable to include an acetabular procedure in the primary operation, however stable the hip appears after open reduction and femoral osteotomy, with or without shortening. [16] [17] [18] No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
